# 



EXHIBIT 2 



X0000110! 




Lora\AmalAl-gara W «\ Richard KroczeK. Jose Car. eo , ttmuIllt „ r 

W. examined the retirement s end <™* and ICOS were 

OCOS) In eflectlveT helper (Th) ceH re.pon.es, " «^ , „ T »yn,phocyt-«.o«.«d 

£J .n determlniofl the outcome o. ^^£J ^,^9 .COS monoclone. enUbody 

refpon.es, and the -^^tSS^^S th. outcome of the immune response but p.ay 
; ^iSSgg - ,00% re.u.ate.s enactor responses. 



T cdl receptor (ICR) and a intar *««S£K<W> «* 

by ill counter-receptor. B7-I and B7-2. ? Un , 

Aid, celU. play a crucial role .n trit-dT cdl pnm.fr 
(IM) production and ode cdt ^here .hey 

cel.. migrate ,0 the w B jf J-- 
encounter antigen- specific B eelll MBWM expsuul0n . 
T cdl, deliver. primarily dvcughCDW a «** £ ^ ^ ^ 
PrtmedTcdl.in W/ «rece.»e.dd^.on»l.g»a.» ^ 
ulate T. (Unction. CD28-med.»ted T cell « ^ch .1.0 
cytoiytic T lymphocyte^WCUiecl a^g 4^ttA ) . ^ 
bind, both B7-1 and B7-2; a. Puncuon _» M ^ 
5ion and cytokine production of w «Y,^„ ted iB gene .derid«it 
u„«of CTl^^oiateosupp^a^"^* T 
mice, which eahibit autoimmune diiease diarac.enieu y 
cell expansion and death *i*io 3-^«k^ member of 

Tnein»co^mu.«ory^O(»^ 
the COM wperfandy and. I,ke 9^., " " "lTb7RP- 1 " or B7h'\on 
T « -. .COS bind. ^SS^' T cel. 
B cdlf and macrophage. '. .COS can J°~*T ,. ,, similarly, lignding 
cpancien and «lerfve cytokine F^Jg^ *. It 

though CD28 provide, a a.gnd for T„2 ^ c ^ p • ent „ CDM . 
ha, been p<opo,ed ^ « «P««J-» wra6 . 

whWccntroven.aP.Dats from ™ ^, i^olon.. i. essential forger- 

md^«P^*^^» n ^t^So»»» and ddivcr. a 
minal center formation and SS^ta.-. However. 

key.igndfbrrW.bu.no«. 0 ^^(n^^^ regu laongT 
,te cont.bu.on of the* different 

cell function during inflammatory procc.se. rwuun. ueWOWa 



utamy signal. nectary !«*£^jCSeeeei and urge. tones, 
coordin.ted migration of T cells ^^^Stelsed their receptor." 
a pmc«. that is criUcdly regulated by ability to 

.Sctor cdU can be divided not only ™ * e „™*^ rf 

tionship. however, between ecnmulalory .ignau ariu 
T-Uatcd T cel. migration ^argdy ^ ff^gulatin, Tn2- 
Webave investigated the rule Cat CDM 

mediated mucosal recall response 

is critical during priming but doe. not comn ^ 
once dTectorTV cell. ^f^^^to. lCOS-mcdi- 
prodominant rde in regulating TM efface a* .vab« 

«cd .ignaling » * , ^ST^orup-rcgula. 

tiuough the regulation of 11^4 but by P»v£ ^ RJ ^ n(liingJ 



Gen.rat.on of n.utr-IU ^ng £g lft weieg Kd«o 
Monoclonal antibodies (mAbs)to '^ '"f^VhTch were assessed 
stda ICOS-wnrfected Jurkat cells OCM J^^^ ^ (Flg . 
by flow cytomcny. they did ^™^£ 0 7«L«l.by I2A8 
la). Activatod. but not retting. CD4 T celts were u 



, - — zr^nz^^^ 
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Rmif 1. Chir«rt.rix.Uon of th. w kSu cell. tr.m..ct.d w*n 

S)S CCOS- ««,) not £ ^ lt|lM d with 

o acl)v.t^ C04-T crts but not ^^/j^^ cX ICOS th*nT.1 crfMcl 

{Uftl ICOS-trvuf-ei* Jurtit c*tti »■ . _ ^-fodnut. tC» w»t 0.2 
ffiS* th. tdftton - '^^•iS^SoH^^ 1C10 «d 
^ far 12AS (opi. ^ B ^P^?3 ' 




n, i* ^ ecu, rj^^S-^^ 

expression was enhanced. whereas re P* u *'" B oMCOS expression 

and B7RM was also assessed. We found wai u) ,„ 

inunu«^b»rm(WM^^^2i!S;. „„ unable to 
comrast. ICIO. which stamed ^•ff™**, nor i C 10 bound to 
bloek B7RP1-U ^^* 7 SK,3S » activated T ceUs 
CD28 transfeeiants of inhibited B7- ig ™~* ICO s thai was 
^nol.hown).m S .-UA 8 rec^an^^. 

'common 10 that used ^ ' ^^^^ isSom B7RM. 
recogniied ICOS, il bound to a sue that wai >« 

Cytokine production «^J?f^S"weoe«rmincd 
We next assessed die role of ICOS .« . T» ceu ru imuUtion with 
cytokine production by TC^g-^Te* . ReM ^ ^ 
„e ovalbumin pepUde OVA02V339). referred to 



4 h vivo treatment wrth mAb. " }^ ™ Kl<nUU3 production 
inhibited nation of 0iT..-«ype 

by CD4- T cells (Fig. 2a). to * nU ™;, * , % P A . Ja ). M vivo treat- 
IFN-t w« leased after ueatmeat ^ ,J, 0 production 

„,«, with neutralising I2A8 also , b l«" B7RP- Mg 

fflg. 2b).1he mAb ICIO, which was unable to blocks 
Jdid no. alter cytokine Zot M « * 
results were no. different t^**"* *' a signal for 

T H ! cytokine production. 

CD28. CTLA-4 and ICOS mRNA »P;" S1 "" . during j U ng 

anergic mnammauon. ITic mnamrnaiory response 




"too '» 10 

KlH(uft/ml) 



'30 To' 0 
KLH M*) 



rtw h « U«on.«t WIU. «M »w 
or 1C10 op« eireto) wan 
R« H top." .^"«0 - 
uatd « • controU _ _ 
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a plateau In the late stage, **^^„JJ«S In low .mounts In 
i 21). CD28, CTLM J«J CD28. COA-4 and 

*e lungs on day 0 and tU >*'** * day 15 of OVA treatment and 
1COS expression were up-regul»ted »» «f ^ expreised 

thelungof PBS-treated w** .«^KS M W,(»«ft 
thcinnltnmng parenchymal Te*a. o W KLH were sunned 
in .dduion. lymphnode. r " m ^"^„ lhow ed that IMS' cell* 

tti *,he«Ab «^^S^S£^<»*f*^ 
were preserowitmn the Bcdltowcieau forma t,on was 

Kledeeridp between 1COS- edU and £ „ Ic o S .cell. 

aUo denned. By day 4 ate -J tt rf y formation 

of peanut . M luti a in-p«.t.veffNAj germvn ^ mn ,„ 

toy 7, dittioct PNA* cells surrounded Dy iwa 
the lymph nodes (Flg.de). 

Regu.at.cn of n^J^^SS^ — *~ 
Leukocyte cdl number, .m the hmgs of WW ^ ^ 

mined 3 h after OVA ICXS**-**** 
12A8. lvmphocytt and "^^^ ^ iQ % and 70%. respec- 

(BAL) fluid of O^^™"^^ observed with ICOS-lg. 
dvely (Fig. Sa,b). Comparable - m BM . i ymp hocyte 

CtA-4-lg induced an almost eompleu ! red udw. • ■ * n ^ 
and eosinophil accumulation. A. . ccntrel. mAb ICtu 




15 21 



o a is n 

Time (days) 




^Usobcdnedwlth »»««^^tSE£X 
control toCW^^™^^^ 

To determine whether i OVA ,n ™«° . ^ administration of mAb 
•mmelungwaspreventednter^etey«a y 

l2Ag. the BAL fluid of OVA-treated nuce Afte( wat- 

Le-foint on day 21 and eos.noph.1 reduced * dl 

ment with mAb 12A8. «^ ^^ toeka dewi.hl2A8 
Ume-poinuinvestigate < l(Flg.Se).S ^l^W» ^ 

cr ld>S-!g or CD28 blockade wth CTLA-4^8 »» 
Induced airway hyperre.ponsiveness (AHR) 

Rog u.at,on of prim ^J^SES^ » T 
Thus far. our data show that CM« ' «^ ^^.c.hecontrito. 
;^!55KOT5£ - erfecsor responses. 



f^u,. 4. .cos .„«-».<; i" th. 

from rte. on 2 <* °£ ^ ^ 

m Meat* b, . P ~*1T ^ - 

erf totlld. on d« '. ,l "'^ rfcw 
Oritfrul m«5niacitioic „ ... . - 

- ■ y. m 



I-oI 





pbsova| 



° ~~ jtfftiv KUufiUiing mAb 12A8 (30 

SrHbr^aHbra^.-- 

bin) indiiur foiled bin) mrthwholint IMWI t . _„.„,«, with 



either during priming (on day "^^^eorinophil »«umuU- 

don in the alrwaya (a, ^.^&««d on days « »" «• 
affected wh« »f *« « '^J? ^cXlnis.ered on day II.. 50* 
However, when I2A8 or ICOS-lg " C J^*^ d eosinophil, in «he 
reduction in the ^nun*er of ly^o^^ by 
lung wus observed (Fig. <). ™V™'""~ ™ U ment of effector T 
,C0S were important for * associated 
cells. Change, in the as oss^cd by his- 

witheo«e.po«di»geh»g» »«^««^jr, g lnhib ;,.d AHR when 
M logy (data no. shown), * ml **f*£^ b | IA 8 or ICOS-lg 
administered during pnming. whereas KO> rn* Woelta dc 
Inhibited AHR when administered on day 21. wnen 
m not effective (Fig. d) 



,COS. .nd CD28-m-di,fd ^^S„„amrn.- 

To determine whether d» ^""^w^Sly regulating 
«onlVlCOS^CD28«o»Wbe«pW^by*«« J DALfluid 

T cell ae.iv.uon. we ^Tf?^/™^ bch CTLA-Wg and 
after challenge. Treaunenu. f™f***£ £J , w . IL-IO and 1L-13. 
mAb. to ICOS .oppressed producnon of M, »- 



ln eo.0^. 0.« production j^CoVA^o.^ 
CT^^lg.lCOS.lgo. rnAb.u^^ln r P0 ^ 

T production was *^**J£, „ p0 n W . In addition, treat- 
aerochallenge had induced a T»2 T - ^ponjea. did not 

ment with amMCOS J^^a^tionrwere not aug- 

resultin immune deviation, thatis. IW T« 
rTemed a, a consequence ■ w ^ „ .COS 

Animal, were treated with ;;, olU e * e „ challenge only, 

cither during pruning or J^^Twi administered on 
when T.2 effector cells had ^"J~ ytoWne production; when 
day , 0 and 8. CTLA-*-lg reduced T «* f "™ or , L .i 3 pro- 

dLustered on day 21. ft* -^^Ji ,„ contrast. 

ICOS blockade on day 21 elf "JS, y^de during prfm- 
,W.lU0.ndlU.3.We. although, when 
ingh *. no effecon W £ ,„„„ of , L . .0 produe- 
.dministcred on deys 0 and g. effective supp 
lion was observed (Fig- 



(CO$4 B CTLA-44a 



ArU-rCOS COWf CTIA.4-H 




tr.tlrfng mAb 12AB (30 w*no«i«>, CTUV-4-1* 0°° W 
■nrflorayll 



>*r*m 




n.utr.llutlon during » M "«^^-f , an ,«i«.r«d d. tn. ip. ~uu 
ad eolumnt.nd.noi dti«rmln»d. 



^gulste chemoKne receptors l^fST^ oT^ 
pared RNA from the U-nph noda of ConMl 
S^ted animals ond.yjl ^^^.rf 
Before H«ge«el»Uengeon ^'jJjJS w«pr««» in ihe .era. 
elevated concentrations of ^^^^Utri^^ 

and aeroallergen challenge. By Ki«-* increased eight- » 

gen challenge. CCIU. CCR4 and CCM ^^M^ICOS prevent- 
Lafold ^ ^Trea^t of ^ '1^ ITO ^ 

edlhe»(Megulationoflh«eeheroolci«ere C eplors.l^« 



immunized mice. - ^££^JtS 

- SS ^ wu not a5 effective as 
C028blocVadc(Fig.n 

tion of the B7 antagonist CTLA-4-lg tave jtow tne ».» 

teweof ««tt«ettoai with "* 

^"productions 

Wehave snown thar J^^2£L* .ecretion of 1FN- 
redueede»pressionofU.-*andH.-iuan«» »■ loos .t. j„ v bro. 

whlehsh^a-tlCOScanWivor.Wtlfi^"^ produc- 
cytokine production ** augment M ^ 0B . lt „ £ prcf- 

ercnti.Uy expressed on T * ""^^^ T £U«P^ 
tificatioa of the gene Xteetade facilitated immune 

gene". However. a M £ J" **™ not leased, despite 
deviation, production of IFN-Y « "™ d ^ ,„ ^ « of 

reduced 1L-4 and IL-10 sccret.on. nus may be,c """ conu i- 
^ptoe Freund's adjuvant (CFA) as « ' •g^SE 
button of ICOS to immune responses has been shown 

rion. during cutaneous V*™"™ LfcTof autoantibody production". 



AAtr 




^ imd oft diy 21 **** be! ort of 1 & 



Flaur* «. OVA.lxuluctd IflE pro- 
duction oltor ICOS nwyllij- 
tlon -n< irwtmw* CTIA- 
4-lg. NtutrilUlng cnAb 12AI <M 
ufifmonu) or CHA-4-lg »dmW». 
tend tf.tntlp.rcuu 
OVA ch«n«n9« on a8 «nd15-*» 
cr oc dip 0 ind S, » 

VhTTn by .p^Blc CUSA. Oit. .« th. 
rrwmiwm p««*nU«. UHtortw. ol 
th* OVA-«p«e»e ibiofbtoe* viUm 
compirvd 10 PBS convo* •rfm»h. E*e* 
cirde rtorweau in MMduH mouso. 
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. . .wlmed enhanced autoimmune, diabetes that 

transgenic mice, whch cxvdo^e^no™ . 

w associated with enhanced ^^S'^ m g»ve rise u> the 
Uon and dirnmished ™ d^d^fon co.CimuU- 

general concept lhat ThJWP»»««« more P= IC OS have 

rion ^ ~^"^^~^onmmune responses. 

srffl- sssa« -1*. «■ — -~ 

and .COS ^.^LfpSSTS; 
mediated signaling i. uniquely ^'^^'^"fac.or-k and IL- 
ICOS delivers a signal for «ecrel.onof wnw r»«»^« 

,0 after supemnugen J' ' c^Tnd". mtcTcxhibi, 

allergic eneephalomyel.t.s ^jj^^g. erB 7-der.eientani. 
markedly exacerbated response". "*^.^ chinilrn(s) by which 

Ihese molecules have oppoimg pben o.yp« "~\ f „. 

one possible explanation ^^^'S production. 

*» « ^da^cd wi^ICOS^n. 

Hovwer.wehaveobserved^liMine» . , d , 

cien, mice. ^J"!?"^^^ wi* 
which Is associated with J finical symptom, during 

mAbstotCOS "^^7^ h 0 *"^.: p ^„eLn». Thus, the 
EAE. which »™ ^eVc^cal factor in de*r- 

snngenexpenerwof AeT^lapP«» engagement 

^ 7 ^JceX r^esrng'differenUaUon. ICOS 
enhanced TV and reduced T- 1 resp.au recently activat- 

allergic lung innammation driven by mhaled allergens . Twoe e p 
Sf a itng -sinophJHc - J« J, 

cdWerivedcyloki^ind^^ 

signaling ti also critical in this process. 



• . . , „^ rD 4» T cells require B7-rnedisted 

jnwpcww 4i s how marked fltncrcncci 

per.den.ly of both B7- ■dJ^WJ.- t Bleela d« of 
lntheterjwreaw.tror .COS v «" ^. ^towl to effector 
CD28 Interfered with pruning, tat W» f „,„ thll 

responses. Whether toe ere ^"£^£^,&>S and/or 
secrete different psttems of cytokines Out use e.u» 
CD28 remains to be from * e BAL fluid 

The reduced cytokine Mn «^"°" due » the fail-are of the 
during the effector response may have ^ , „ oodo t0 

the lungs, a process regulated by ehenwKme. ^ 

tSmulatory •tgnals regulate recepiw* u ^ relationship 

S£S ^CXC RJ and O^^^S^t 
licularT,, cells— and central or effector memory cells ..cm 

"£g£um mice are unable to r^J^SSX 

^pressing B ceils and acqu.re the capacity jo pnwu 

would regulate U.e B «.U el«, -''^ '^takes a smaller 
blockade reduced IgE «apre«.on. 'gf^ IopP ort pub- 

eontribulion to this process than CD28 <"«»«; ° u '"* " PH 

,„ hed data *»^^1S e ^^ 
aWtity to produce .^'^ ™ ^"'Suee norm*! antibody Uters 
T-dependen. B cell ant.gens ~« pr ~" However . ^though 
after immuntation w.th T-.nde^ndM >^gec» • ^ wi d. 
ICOS plays a critical role m Ig producuon ««««'™™" ^ 
M ,«Me P «ug«n alone or «^^?^^S5i3-. 
vant. *e Immune response .0 nnftgen » CFA » JOO « » ^ fa| 
Similarly, after Infection *'* ^*™£%* e <l\>c\J«<« 
»«»..COS fails '^riJ^Tature „d/or 

these differences Is undcterrruned. bu clearly u. . 
^reng* of the immune stimuli greatly mfluenee the dependence 
ICOS-mediatcd costimulation. —ulatiem and 

2L the, tave a.,o no. 



cells that have alio now ,ccumu.ow» 0ffOU g h B7RP- 

t. deliver a different signal that spcc.fical J^*»«« ddiverscog- 
produOion.ln turn, this up-rcgula«« .CD4 ^JJ^U^orf. 
nate signd. » favor B cell «P™ ^^Tw^ upon 
provide the proposed "step two of iwjw ^JLsed fte tame 
Lo.»«erwi m anrige».spccineB«e.Utotta^ 

antigen for which the pnmed T.P cells are anuge 

ensuring the specificity of the immune ^P°"«V ^ B 7BP- 

In addWon to regelating this step of the immune «P°~^ rf 

,- COS interaction, would ^^?^ P ^^S£K 
CCR3.COM and COW. A. AeHgw* formcsereceptors-cotax. 




Articles 



provide evidence that iugge»« Inhibition 01 , '&™' ln * 
MCOS pathway may represent . new l*get 

T B 2 activation, without compromising ho« protective reaponiee » 
pathogenic bacteria and viroses. 



Bbtitfaf>afn.AU 



|3ttd goat wrtJuwufl l| (PluxMiopnX 

CD4- T cdli were boiated fwm Jje t£"« ^» ^ froro mitomycin 

were iriiiuilaicd wiih APO ^ WA ^^ fl ^^j JSS anJ afiquct. 
led ituo QeWril ate*. Activated ^ T ^^^^^n«i^ from theieeu.- 
two wot Own collected and <«t«J for cytokine piodueuon. 

Bar Harbor. ME) were Mud wtth KUJ O ^.^"^riat W' «xJe, 
Ibt left footpad »d base of the ( ^ f «» ^5*f' f L 7ii. nudiunv auper. 
we« tended and ctlb w«t *'* » ^ 

llrton of O o««3 lnn.oun.tlo- * 

(J^o Ubcnuxy, were »*ujed In . ^ b 2K£T|E (0.1 iJmouK of ,.„ 
model of tuna inJlaamaWM wed n«^« " • S phase {2* OVA 

for 3 miii by urtwl os day 1 and »» 0 VA "Z-Jl^Tfn, rt* ncutralitine e*per- 
^ aerosol) w„ 'SSS 

SK? fuS^^ tES^T^ before OVA 

CIXA-M|. Aniibodtes «M m«on preww- OV A-oxatrd control mice 



nuicUl EUSA lit* (Endojen, Boiton, MA). 
,1, iui 1 Mtnnlm for ftn contrttuitom u» tiw worlL 



(Buxoo Ttdwolot>$, Staton. CD in itiponit to wotw u ~ u 
Milwtukt*. Wl) ai dejeribfd*'. 



hap of ovA-«arf ate « ewrt cTLA*. B7-I. B7-1 
with BNA STAT.W(rd-1*«. W ^ ^1. CT-A • 

huml bet.«« iwo PCR pmotn. Tb. (nob. A limiUf 

« th* repeater dyt . PCR !^ 7^1*^^^ re «. ^ u»wet Ai th« oolymcraif 



. jsK^SS^a-aaCT 

m . B u^.«-cn B «.-l i».o**tio« ^^. a J"^57^TcD2B.*fic^T m i.o«i w«w 

I. Car»ki, ( P.M#lVhBiaauUe« cl *»CJTS B 1^ T r*>*ph<*^ **• «"~~ 

C02t Wao»# 1711,213 -2«I ^mcllwT MlHHpnHi* 

4MJM01 C001). iL$KAfi».AKtCO. b ertte*l lor CO<0 

m^bUd ^ d» '-~^ I ^*?1^;t ;.7rLo~~ WWW t2t»W 

K»-H2C«3]. ^ te ^.^xad *rtJ»/U* 1 J—** til 

12. Ttd^X •! COJiHWWMi mie» to o»fl^»«»— 

11 ^Z^ A .^^^- 

t tM. UMU9 W to ^ .ueic rr- 

^tri tu <„ tetn ^ lam ^^^^!^ * mm if, rate co-uci »l 
"* c*TVM4?fc^«2^ •< Tltl ** ,WcM •* ttJ< * 01 C0W ' h, ^* 1 

«. {^T^icowa.-^-. •«-« — 
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i^fkui t »W« ROW ^-n- taMim •KfttimtM *W»k 

to ti»3 w ""p^ fct, ^ b ^^jc^in^^ 



41 Mace — «. » ««— " "•*•'*" 

^^^^^ 
ftl. CK««.1W- ^Ap»«« * Sl^^^^iZTlXSn-W (2001). 
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